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RESEARCHES UPON THE PHOTOGRAPHY OF PLAN- 
ETARY AND STELLAR SPECTRA. 

By the late Henry Drapes, M. D., LL. D. 

With on iMrodaction by Proeessor C. A. Young, a List of the Photo- 
graphic Plales in Mrs. Draper's Poxaession, and the Reavits of the Meas- 
urement of these Plates by Professor E. C. Pickering. 



Introdoction. 
The early eaccesses oF Dr. Draper in the construction of hia IS^incIi 
reflector, aod bis photography of the moon, together with his atadiea 
in spectrum photography ia 1869 and 1870, led him to desire to estend 
his work to the investigation of stellar spectra. It was with this 
object specially in view that he constructed in 1869 and 1870 hia 
great 28-inch silvered glass reflector, which was finally completed and 
ready for work in I87I, and in May, 1872, he obtained his first photo- 
graphs of the spectrum of a. Lyrte, by merely inserting a quartz prism 
in the path of the rays just iuside the focus of the small mirror. The 
platea obtained on this occasion failed, however, to show any lines. 

Id Angust of the same year he succeeded by the same method in 
getting plates showing four lines in the spectrum of the same star, the 
least refrangible line being near G. 

Other lines of work connected with Investigations of the solar spec- 
trum, and with the superintendence of the photographic preparations 
for the transit of Venua in 1874, occupied most of Dr. Draper's time 
for the next two or three years. 

, In 1875 he obtained a tine 12-inch refractor from A., dark & Sons, 
which he mounted upon the same stand with hia 28-inch reflector, and 
in 1876 he resumed hia operations upon stellar spectra, and obtained a 
number of pfaot<^aphs, some of them with this 12-inch instrument 
and some with the 28-inch. 

In the summer of 1880 he exchanged the 12-inch instrument for an 
1 1-inch by the same makers, the new instrument having a special cor- 
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rectidg lens fitted to be placed ia front of the object-glass to adapt it 
to photographic work. 

At first, and uDcil 1879, wet collodion plates were nsed in all these 
experiments ; al^r that date, he used exclusively the diy plates of 
Wratten and Wainwright, to which, duriug a visit to England in 1879, 



the attention of Dr. Draper was called by Dr. Hoggins, whose ad- 
mirable work in the same line of research is so well known to every 
one interested in such matters. 

As will be easily understood, these operations upon stellar spectra 
were by no means carried on continuously, hut only during Dr. Draper's 
r residence at bis conntry place, and in the intervals of other, 
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to him, evea more aluorbiDgly interestiog ioTestigations, and urgent 
bnsiness occupations. 

The obserrations were made in his private obeervatory at Hastinga- 
on-the-HudaoD, Lat. 40° 59' 25", Long. 73° 62' 25". ElevatioQ 
above eea, 220 feet. 

Tbe picturea of the Obaervatorj and of the Great Equatorial render 
unneceBsary any detwled description of the mouating and general 
arrangement of the inetrumenta. 

The difficulties of the research proved to be very great At first 
the limitations imposed upon the time of exposure by tbe use of the 
wet process made it almost impossible to get impressions of sufficient 
strength. This difScuJty, however, is now a thing of the past, having 
vanished with the introduction of the modern dry-plate processes. 
Another difficnlty, however, which increases with the time of exposure, 
is that of securing a sufficiently accurate movement of the driving- 
dock. Dr. Draper was obliged to construct no less than geven before 
he succeeded in getting one that was perfect. Other difficulties which 
were more or less completely overcome relate to the firm and rigid 
connection of the parts of the spectroscope with each other, and wiih 
the sensitive plate ; to the effect of temperature upon this connecdon, 
and upon the dispersive power of the prisms employed ; and to the 
method of obtaining a satisfactory reference spectrum for comparison 
with that of the star under examination. Of course, also, eveiy one 
knows that operations of this kind are much more sensitive than 
vbual observations to atmospheric conditions. A slight haze, which is 
rather an advantage than otherwise to ordinary work, cats off the 
actinic rays to such an extent as to increase the needed dme of ex- 
posure many fold. On some evenings, apparently good, it will take 
30 minutes or an hour to obtain a picture as intense as could be ob- 
tained on others in 5 or 10 minutes. 

Another serious practical difficulty should also be mentioned, — the 
fact that Dr. Draper's residence was distant more than two miles from 
his observatory j and this of course involved many absolute disadvan- 
tages and some loss of opportunities, as well as much inconvenience. 

It is not necessary to give here any full description of the telescopes 
employed. It is enough to say that the great reflector constructed by 
Dr. Draper himself has a mirror of silvered glass 28 inches in aper- 
ture, with a focal length of 148 inches. It was generally fitted up in 
the Cassegrainian form, the small convex mirror, also of silvered glass, 
having a diameter of 8 inches and a negative focal length of 29 inches. 
It was placed 33 inches inside the principal focus of the great mirror. 
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Dr. Draper tried the ^ect of replacing the small convex mirror with 
a flat of 16 inches diameter for photographic nork, but the result was 
not satisfactory. 

In the use of tiie reflector for photographic and spectrMcopic pur- 
poses it was found extremely difficult, in fact impossible, to hold the 
great mirror with suffident firmness to keep the star image accuratelj' 
in place, without at the same time distorting the glass and tnjuriug the 
definition. In this respect the refractors had greatlj the advantage, 
though of course they were much inferior in the amount of light 

The 12-inch refractor needs no spedal description. It had a focal 
length of 183 inches, and its color-correctiou was adjusted for the use 
of achromatic eyepieces, instead of the usual Huyghenian eyepieces. 
The correction, however, did not vary materially from that of other 
telescopes by the same makers, the difference of focal length between 
the mean rays of the spectrum and H amounting to about ^ of an 
inch. It was an excellent instrument for all visual purposes, and is 
now owned by the Lick Observatory. For photographic purposes, 
however, it was deddedly inferior to the 11 -inch instrument which 
succeeded it. 

The focal lengQi of the ll-inch telescope without its photographic 
corrector was about 176 inches; with the corrector applied, it was 
. shortened by 24 inches. 

With reference to the driving-dock it is only necessary to say that 
its regulator was a heavy conical pendulum, or rather pair of peudn- 
lums, weighing some 15 pounds, and so hung that their revolutions 
were sensibly isochronous through quite a range of inclination. 
Whenever by increase of driving power or decrease of resistauce one 
of the balls rose above a certain limit, it acted, without affecting the 
radial motion of the ball, upon a friction spider which absorbed the 
superfluous energy in the manner made familiar by the chronographs 
constructed by the Clarks and by Fauth & Co., and now so common 
in onr observatories. The regulator revolved once a second. The 
gearing and driving screw were constructed, for the most part, by Dr. 
Draper himself, with the utmost care and accuracy ; and it may safely 
be said that in its ultimate perfected coudition the driving-clock was 
as good as any in existence, keeping a star upon the slit for an hour at 
a time when near the meridian and not disturbed by changes of 
refraction. 

. In the course of the operations a great many forms of spectroscopic 
apparatus were employed. At first, as has been mentioned, a quartz 
prism was usod, simply interposed in the path of the raya a few inches 
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inside the focus, without slit or lenseB ; and with this, after one or two 
unsuccessful trials, he first obtained a. satisfactory spectrum of V^^a 
showing four dark lines. 

Afterwards direct vision prisms nsed in the same way were tried, 
and spectroscopes made up of such prisma, some with a slit, some 
without, and some with a cyliDdrical lens to give necessary width to 
the spectrum. The arrangement finally settled upon, however, and 
with which all the plates measured by Professor Pickering were made, 
was the following. A star-spectroscope by Browning, with two 60° 
prisms of dense (bal white) flint glass, was used, of the form designed 
by Dr. Huggiue for stellar observations. The telescope and collimator 
each had a focal length of 6 inches, with an aperture of f of an inch. 
The parte were very carefully braced together to prevent any slip or 
moTemeot. The slit was covered with a diaphragm having a hole at 
the centre, and painted with phosphorescent paint to m^ke the aper- 
ture visible in the dark: there was also a movable "finger," by which 
any part of the slit could be exposed at pleasure, so as to obtain spec- 
tra of difierent objects on the same plate side by side for reference. 

At the eye-end of the spectroscope-telescope the eyepiece and 
micrometer were removed, and a block of bard wood was fitted on in 
such a way as to carry the little photographic plate. This was a small 
bit, about an inch square, cnt from a plate of commercial size. A 
email po^tive eyepiece was mounted on the block, so that'the operator 
could at pleasure examine the yellow and red portion of the spectrum 
which projected beyond the sensitive plate into the field of view, and 
in this way assure himself that the clockwork was driving properly, 
and that all the adjustments remained correct. 

The whole apparatus weighed less than five pounds, and screwed on 
to the eye end of whatever telescope it was nsed with. 

On the most careful examination, it is very difficult to see how any 
perceptible alteration in the relative position of the different parts 
could ever have occurred. Still, the bracing employed was not abso- 
lutely symmetrical, and there may have been a little "twist" when 
the instrument was transferred from an object near the zenith on one 
side of the meridian to one near the horizon on the other. 

For the most part the development of the plates was by ferrous 
oxalate, though the alkaline development and pyrogallic acid were 
both nsed on some occasions. 

The pictures obtained with this arrangement were about one six- 
teenth of an inch in width and about half an inch long, extending from 
a point between the Fraunhofer lines F and G to a point near M. 
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Subjoined are certain notes which eeem to be of interest, and im- 
portant to a proper understanding of the manner in which the research 
was carried on and developed. They are condensed from the ori^nal 
note-book records. 

" May 29, 1872. Two photographs of the spectrum of Vega were 
taken with collodion plates. The first was with an exposure of 3 
minutes, the next of 30 seconds. No slit was ased and no lenses. A 
quartz prism was placed inside of the focus of the telescope [the 28- 
inch Cassegrain], and a sensitive plate at the focus. The photographs 
showed no Itnes." It was then deemed better to reduce the magnify- 
ing power of the telescope, by using a flat mirror in place of the small 
convex. A flat mirror of 16 inches diameter was therefore gronnd 
and polished. When this was finished and put in place in the tele- 
scope, the three hooks hy which it was supported caused it to deform 
the image of a star into a triangular form. Dr. Draper then tried 
supporting th» flat by an iron plate cemented to its back, but with no 
better result. He then decided to try a 9-inch concave mirror of 11 
inches focus, adapting to it a spectroscope formed by pladng a slit 
at the focus, followed by a one-inch microscope objective, next a 
Hoffman direct-vision prisni, succeeded by an eyepiece, and finally the 
sensitive plate. This apparatus gave too faint a spectrum, and he 
returned to the original arrangement, with which, on August 1, 1872, 
he obtained for the first time a photograph of the spectrum of Vega 
showing four lines. The width of the spectrum was obtained by 
giving the telescope a slight motion in declination, during the ex- 
posure. On August 8th and 9th he took several other photographs, 
the exposures ranging from S to 10 minutes. Of course with tills 
arrangement no reference spectrum could be obtained. 

Recurring to the sut^ect in the summer of 1873, he took a spectrum 
of o Aquils, half an inch long and ^ inch wide. It does not appear 
from the notes that it showed any lines : exposure 10 minutes. 

During the same season Dr. Draper arranged a spectroscope con- 
sisting of a quartz prism combined with a cylindrical lens. It was 
abandoned because it gave the spectrum the form of an elongated 
image of the mirror, instead of a narrow band. 

He next combined a he&ry flint-glass prism of 60° with a quartz 
prism. This made nearly a direct vision spectroscope of good dis- 
persive power, and with it he obtained the spectrum of a Aquilfe as a 
narrow band, in 5 minutes' exposure. 

In 1874 Transit of Venus work occupied ail his time. In October, 
1875, several photographs of the spectrum of Vega were taken with 
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a Browning nme-priEin direct-viBion spectroecope (witboat slit) placed 
inside the focus of the 28-iiich mirror, the eensitive plate being at tbe 
fbcas. 

The 12-iiich refractor wae received at this time, and a good deal of 
photographic work was done with it to determine its actinic focus and 
other constants, but no photographs of stellar spectra were made with 
it this season. Its best actinic focus was found to be -^ inch outside 
of the focus for G. 

In July, 1876, several photographs of the spectrum of Vega were 
taken with an apparatus which Dr. Draper called the " spectrograph." 
It consisted of a box about three feet long, which screwed into the 
tailpiece of the reflector in place of the eyepiece. It consisted of the 
following parts: first, a slit; close behind this the brass tube of a 
Browning direct-Tision spectroscope containing either 3, 6, or 9 prisms 
(variable at pleasure) ; next to this, and 14 inches from the slit, a 7-inch 
Voigtlander portrait-lens and camera. The results were not materially 
different from those obtained by the earlier methods, and the apparatus 
was so awkward that it was soon abandoned. At this time was intro- 
duced the plan of setting the slit in the direction of the right^aecen- 
sional motion, so that any slight irregularities of tbe driving-clock 
would only widen the spectrum a little, instead of removing the star's 
image from the slit. The use of a cylindrical lens to broaden the 
spectrum was not found to be of any particidar advantage. 

During September and early in October, 1876, experiments were 
tried by putting the Browning direct-vision prism, without slit or lens, 
inside the focus of the 12-inch refractor. A cylindrical lens of 14-inch 
focus could be placed either between the prism and the object-glass, or 
between the prism and the sensitive plate. The diificutty produced by 
the fact that the focus of the object-glass varies for different rays, was 
partly overcome by tilting the sensitive plate. 

On October 9 the Huggins star-spectroscope seems first to have 
been brought into use, one prism only being employed. It was at- 
tached to the refractor, and at first used wiih wide open slit It was 
found difficult but very important to adjust the collimator accurately 
in line with the optical axis of the large telescope. 

On October 12 another stellar spectroscope was arranged, consisting, 
first, of a slit with an open space between it and the end of the tele- 
scope, so that one could see whether the star remained centred on tiie 
slit; then the nine-prism Browning direct-vision combination; then 
two opera-glass lenses, and behind this the plate-holder. This was 
attached to the reflector, and several stellar spectra were photographed 
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with it ; but they tamed oat very fiiiut, aud the remoTtil of the slit did 
not mate them any brighter. 

October 18 and 19, 1876. Eiperiments were made upon the spec- 
trum of Venus, both with the reflector and refractor, — the former 
giving much the stronger pictures. The plates show the lines very 
well, especially those between G and H. At this time an eyepiece 
was added for the purpose of watching the lower end of the spectrum, 
and so maintaining the adjustments. 

October 25, 1876. Six photographs of the spectrum of Venus were 
made, which came out very satisfactorily. Esperimente were made, 
giving data for determining the best width of slit. 

October 27, 1876. Some photograplis of the spectrum of Vega 
were made with the same apparatus, but results were not very satisfac- 
tory. The air was misty. 

October 29, 1876. In the afternoon the same stellar spectroscope 
was attached to the 12-inch refractor, the aperture of which was 
reduced to 1^ inches. The slit was closed so that b appeared distinctly 
triple, in the spectrum of the sun, and a series of photographs was made 
with exposures of 4 minutes, 1 minute, 5 seconds, and 1 second, respect- 
ively. The last proved just about the proper exposure, and indicates 
that the necessary exposure for Venus is 196 times that for the Sun. 

During 1877 Dr. Draper was occupied mainly with work connected 
with his research upon the existence of oxygen in the Sun. In 1878 
the season was occupied with the Transit of Mercury in May, and 
with the Solar Eclipse on July 29th ; so that during these two years 
nothing was done with stellar spectra. 

While in England, in June, 1879, he obttuned some of Wratt^n and 
Wainwrjght's dry plates, and on his return resumed his stellar work 
with them. As the 28-incb mirror had not been resilvered since the 
removal of the film at the time of the Transit of Mercury, he nsed 
the 12-inch refractor for all his experiments, in connection with the 
HuggiuB star spectroscope, with tioo prisms, instead of only one, as in 
1876. In October, he read before the National Academy of Sciences 
a paper upon the subject, which was published in the American 
Journal of Science for December, 1879. 

The plates made by the collodion process up to and including 1876 
were, of course, of no value for measurement, and have all been lost or 
destroyed, except alwut half a dozen " strippings " of the earliest ones, 
which still remain gummed into the note-books. For this reason it 
has seemed desirable to present the note-book data respecting them in 
the way which has been adopted. 
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In the list which followa, of the plates exietiag in the pOEseseioD of 
Mrs. Draper, the remarks against each plate give all necessary details. 
The photographs were all taken with the Huggins star spectroscope 
with its two prisms, attached sometimes to the reflecter, sometimes to 
the refractor, as iadicated. 

The first column of the table gives a cnrrent reference number ; the 
second, the date; the third, the name of the object; the fourth, the local 
mean time of beginning of the exposure, when the note-books furnish 
it ; the fifth, the duration of the exposure ; the sixth, the width of the 
slit in thousandths of an inch ; and the seventh, the aperture of the 
instrument used. Remarks follow quoted from the note-book. An 
asterisk denotes that the plate was one of tbose measured bj Professor 
Pickering. 
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Several of these photographs, as stated above, were taken to the 
Harvard College Obsei^atory in the spring of 1883, when the meas- 
arements described below were made. This work may be divided into 
three parta : first, the determination of the relative positions of the 
lines in the various spectra in terma of any convenient nnit of length ; 
secondly, from the known spectra of the Moon and Jupiter, a determina- 
tion of the relation of these measures to wave-lengths ; thirdly, a reduc- 
tion of the measares of the stellar spectra to wave-lengths, and a 
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discnssion of the resulte. The metuores were made with the microme- 
ter described in the Annala of Harvard College Observatory, VIII. 42. 
The photograph was moved mider a microscope by a micrometer screw 
having a pitch of ^ of an inch. By turning the screw, the lines were 
brought to coindde with the end of a hair in the field of view of the 
microscope, and the position was determined by the divided head of the 
screw. As is nsual wben ezaminiDg photographs, very low powers 
were esseotial, or much of the finer detail would be lost. The best 
results were attained with an eyepiece and objective, each equivalent 
to a lens of about 2 incties focus, giving when combined a magnifying 
power of about fifteen diameters. The uncertainty in the position of 
the lines of the photograph greatly exceeded the errors of setting and 
the irregnlarities of the screw. To establish this point a measurement 
was made of the divisions of a glass scale constructed by Professor 
Eogers, in which the errors were wholly inappreciable with so low a 
magnifying power. Ten divisions were compared, each of which was 
sl^ of an inch, and equalled ^ of a revolution of the screw. The 
results gave an average deviation of .0015 of a revolution, mainly due 
to a slight eccentricity of the head of the screw. This eccentricity 
amounted to aboat ,002 of a revolution. Twelve divisions, each equal 
to j^ of au inch (one turn of the screw), gave an average deviation 
of .002 of a revolution. These errors might be still further reduced 
if required, by taking addltioual precautions; but they are entirely 
insensible compared with the uncertainty in the position of the lines in 
the photograph. They correspond in fact to only about .02 of a ten- 
millionth of a millimeter in the wate-Iength. Tbrougbuut the work, 
all the settings were made by tarning tlie screw in the direction in 
which the readings increase. 

The reduction of the measures to wave-lengths was greatly aided 
by the fact that but little change was made in the spectroscopic appa- 
ratus throughout the entire investigation, and that especial care was 
taken to secure stifiuess in its construction. A single curve could 
thus be used for all the reductions, at least provisionally. On the 
other hand, it does not seem safe to assume that, when two spectra are 
photographed side by side on a plate, the lines in each will have the 
£ame position. 

In some of the photographs, especially in Plates 63 and 6o, there is 
a perceptible want of coincidence between lines which are doubtless in 
reality of identical origin. No such deviation could be caused by any 
flexure of the telescope, but it might be due to flexure of the spectro- 
scope when directed towards objects at different altitudes, or to change 
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of temperatnrG of the prifims between succeasiva expoanreB. It is too 
great to be attributed to motion of the star in the line of sight. 

The meaaniements have all been reduced to a commoa zero point 
by subtracting the reading of the H line from each, and adding 5.000 
to avoid negative readings. The H line was selected, since it is com- 
mon to nearly all the spectra, and ia ao well marked that an accurate 
setting can be made on it. This mora than compensates for its 
breadth, which renders it an inconvenient starting-point in the solar 
apectrum. Any correction for error in aetting on this line can better 
be applied to the final results than to the original measurements. 

Since Jupiter and the Moon shine by reflected light, it may be 
assumed that their apectra are identical with that of the San, and that 
the wave-lengtha of the lines in their spectra may therefore be taken 
from a map of the solar gpectmm. On account of errors in the rela- 
tive promineoce of different lines, errors in identification may occur 
in comparisons with maps made by hand. The photograph of the 
diffraction spectrum by Dr. Henry Draper (Amer. Joum. Sci., CVI. 
401) has therefore been used as the standard to which these measure- 
ments are referred. For wave-lengths too great to be contained in 
this map, Angstrom's Map (EecAerc/ies mr le Spectre Solaire, Berlin, 
1869) has been employed. Comparison has also been made with the 
map of Comu (Ann. de VBcole Jformaie Supeneure, Series II., Vol. Ill), 
and those of Vogel (PuMicaiionen des astrophysikaUgehen' Observa~ 
loriams zu PoUdam, I. 133, II. 83). The unit employed throughont 
is the ten-millionth of a millimeter, and the results are only carried to 
single units. The best maps of the solar spectrum differ by aa much 
as one or two of these units in the ultra violet portion, and a greater 
precision than this in stellar spectra is obTiously at present unattain- 
able. 

To pass from screw readings to wave-lengths points were constructed 
with the readings of the spectra of the Moon on Plate 19 as abscis- 
sas and the corresponding wave-lengths as ordinates. This plate was 
selected since the lines appear to be more numerous and better defined 
than in the other photographs. A smooth curve was then passed throngh 
these points. The wave-lengths corresponding to each half-turn of the 
screw according to this curve are given in Table II., columns 1 and 2. 
The relation between these quantities may be very closely represented 
by the formula, A.^3672 + 39» -^- 4w', in which \ denotes the 
wave-length, and n the number of turns of the screw. The values 
computed by this formula are given in ihe third column, and the ob- 
served minus the computed values in the fburth column. 
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The dose agreement of the formula with obBervation jnslifies its use 
for reducing the obserrations, since, if any deviation is indicated in the 
results, a correction maj be applied to them. Accordingly the curre 
represented by this formula was drawn upon a large scale, and the 
wave-lengths corresponding to each reading were taken from it. In 
Table III. a comparison is given of all the lines measured in the 
spectrum of the Moon and of Jupiter. The successive columns give a 
number for reference, and the original screw readings for the plates 
whose numbers head the columns, after applying the correction de- 
scribed above, which gives for the 11 line a reading 5.000 in eacti 
spectrum. The readings giving the limits to which the spectra could 
be traced are omitted in this table, except where they indicate known 
lines. In the latter case they are indicated by Italics. 
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&666 


6.000 


5.666 


6',666 


5^666 


6.666 


5',666 


17 










5.198 










18 






5.345 




6.363 








5',837 


19 






5.476 


6.464 


6.196 






6.478 


5.463 


20 


6,86i 




5.786 


6.787 


6.814 




6,786 


6.806 


5.768 


21 






6.946 


6.942 


6.964 




6,960 


6,961 


5,944 








6.161 


6.162 


6.187 




6,151 


6,169 


6.063 


28 


















6.288 


24 








6,826 


6.337 




6,820 


6.385 


6.817 


26 


6.560 


&662 


6.677 


8.681 


6.806 


6.678 


6.684 


6.679 


6.576 


26 




6.661 
















27 






6.926 


6.919 


6.944 




6.898 


6.921 


6.9i8 






'.'.'.'. 














6.985 


29 






7.046 


T-Osa 


7.044 






7.642 


7,026 


30 




7.143 


7.13S 


7.171 


7.178 






7,192 


7.163 


81 
32 


7.383 


7.406 


7.368 


7.326 


7^600 




7,848 


7.869 


7.830 
7,408 


83 


7.644 




7.687 


7.606 


7,616 






7*816 


7.610 


31 


















7-.707 


35 








7.756 


7.776 






7.783 


7.776 


36 


7.923 


7'.8b6 




7.863 


7.881 




7'874 


7.886 


7.874 


87 




7.B90 


7.986 


7.983 


7.972 






7.091 


7.972 


3B 






8.087 


8.069 


8.097 






8.W 


8,097 


89 






8.211 


8.199 


8.191 






8.205 


8,202 


dO 




8i34 


8.317 


8.295 


8.304 




8.S3i 


8.824 


8.811 


41 






8.482 




8.178 






8.480 


8.466 


42 






8.698 


8.664 


8.577 


'.'.'.'. 


e'.696 


8.578 


8.568 


48 


8^678 


im 


8.681 




8.648 


8.638 


&e44 


8.654 


&660 


44 






8.784 


8.768 


8.785 




8.798 


8.791 


8,786 


45 




8.925 


8.927 


8.910 


8.928 




8,926 


a929 


8.923 


46 




9.048 


9.028 










9.040 


9.032 


47 






9.222 


9i22 


9,264 










48 


9.853 


9.347 


9.300 




9,300 




9,822 


9'.292 


9,294 


40 






9.494 


9.440 


9,472 






9,471 


9.466 


60 










9,547 






9,566 


9.556 


61 










9.677 






9.714 


9.706 


62 


9.986 


9.944 


9.965 


9.891 


9.867 




9^98 


9.881 


9.880 


53 










10.059 






10,083 


10,073 


64 


10.611 


10.427 




10.428 


10.116 






10.441 


10,838 


66 
















10.621 


10,586 



In Table lY. these measures are compared. The first columQ 
ffvm the same uamber for reference as in Table III. The second 
column gives the wave-lengths of the lines in the solar spectram, with 
which the lines here measured are assumed to be identical. Each 
measurement is reduced to wave-lengths by the formula ^vea above. 
The residuals found by subtracting the assumed wave-lengths from 
these are given in the subsequent columns. Each plate ia designated 
by its appropriate number. 
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TABLE IV. 



». 


W.TS 

LmgOi. 


Vaoa. 


1 


ai 


2i 


63 


66 


8G 


43 


48 


B8 


67 


1 


8736 


d 


















2 


8750 









'+2 












3 


8759 


—1 






+1 












i 


[8774] 


[+1] 






[-1] 












6 

6 

7 


3786 
3801 
8816 


■1^ 
—1 






+3 


-s 












8 


3841 


-5 


"-^ 


-7 


-1 


-3 




■^ 






fi 


3859 


-6 




4-2 





+2 










10 


8872 






-1 


-3 


—2 






■^ 


'Us 


11 
12 


8878 


+1 


+2 




-3 




—1 




-3 






13 


3905 







'—2 





+8 






■-2 


—2 


14 

15 


8943 


-1 


■+i 


+1 



—8 




— i 


'— i 


-2 


—1 


16 


3967 


""6 


'"6 


'"6 





'""6 


"6 


■■'6 


■"6 


■"6 


17 


8988 










—5 










18 


8998 






'^ 




—2 








'114 


19 


4006 






+1 


" 


-4-3 











30 


4032 


'+i 










4-2 




'— i 




—2 


21 


4045 












-«-2 




+1 








22 


4063 






+1 


+1 


+3 







-t-2 


—7 


23 


4071 





















24 


4077 








'+2 


'+8 




"+i 


'+3 


+1 


25 


4101 


'+8 


.'+8 


'+i 


+2 


+4 


'+i 


+2 


-1-2 


+1 


26 


4118 




—8 
















27 
28 


4133 
4138 






■+i 


+i 


'+3 




-^ 


-i-i 


'"o 

-t-2 


29 


4143 






'+2 


■+2 


'■+2 






+2 


—3 


80 


4155 




"6 


+4 


+3 


+8 






+5 


+2 


81 


4172 


■+6 


+8 


+4 


+1 


+5 




+3 


+4 


-Kl 


82 


4187 










+8 








-1-3 




4201 


"+i 




■+■8 


"■'6 


+1 






+i 





84 


4210 


















-t-l 


36 


4216 








'+2 


+4 






'+6 


+i 


86 


4226 




'■+5 


*+4 


+2 


+4 




+4 


-1-4 


H-3 


87 


4236 


— i 


+6 


+5 


+5 


■+4 






+6 


H-4 


38 


4260 






+2 


+1 















39 


4260 






+6 


+5 









-Hi 


-1-1 


40 


4271 




-2 


—4 


-6 


-1-1 




■+4 


H-8 


+2 


41 


4289 






+2 




+1 











42 


4301 






+2 


— i 







■+3 


+1 





43 


4812 


■"6 


■+i 


-1 


-6 


-3 


■^ 


-3 


-2 


—2 


44 


4324 









-2 







-1-1 


+1 





46 


4339 




■"6 





-2 





'■+■1 





+1 





46 


4361 




+1 


-1 
















47 


48751 






-3 


-2 


■^ 










48 


4888 


+8 


'+3 


—2 




-3 




"o 


"-^ 


—3 


40 


4404 






—1 


'^ 


-4 






-4 


-5 


50 


4414 










—6 






-3 


—3 


51 


4424 










-1 






+6 


-i-4 


52 


4454 


'+2 


■+3 


'—2 


"-^ 


—7 




'Ha 


—7 


—7 


53 


4483 










—12 






— S 


—11 


54 


4530 


'^ 


—14 




—is 


—16 






—12 


—26 


55 


4549 










.... 






—9 


—18 
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Plate 42 was one of the first to be meaanred, and only the most 
coDBpicuoos lines were observed. This was done with the intention of 
determining the scale from a few well-defined lines. It was afterwards, 
deemed better to employ all the lines visible on each plate for this 
purpose. No marked line in the solar spectrum Batbfactorily repre- 
sents No. 4 of Table IV. Nos. 3 and 4, 5 and 6, and 7 and S, are des- 
ignated in the original record as the limits of transparent bands in the 
negatives, that is, of dark bands in the spectrum. Nos. 11 and 12 
appeared ae a broad dark baud, whose edges were observed in Plate 
65, and its centre in Plates 21, 24, 35, and 43. No. 28 is recorded in 
Hate 57 as the centre of the band extending from 27 to 29. No. 47 
ia not well identified. The photographs of the solar spectrum indicate 
a line having X i= 4375 as the most conspicuous in this vicinity. 

The residuals iu Table IV. must next be examiued, to see if they in- 
dicate any systematic deviation, or if any correction should be applied to 
the wave-lengths as deduced by the formula X ^3672 + 39n^- 4n*. 













TABLE 


V. 










' 


«- 


-■--- 


1 




5-H 


5- 


a± 




2-1- 


s— 


IT 


t± 


c™. 


^ 


3700 


3 


2 





-(-0.7 











-1-0.7' 


-1-0.6 


0.7 


3800 










'/. 


II 


K 


— 40 


—2.0 


—1.0 




3900 










14 


« 


'n 


— 1.1 


—0.8 


—0.8 


1.6 


4000 




•r. 






IH 


10 


14 


— 0.2 


—0.2 


—0.1 


1.3 


4100 










'/!-l. 


■m 


11 


+ 1.0 




+1.0 


1.5 


4200 




m 


1 




•m 


73 


ti 


-»- a.8 


-1-3.0 


+2.2 


1.9 


4300 






V,1 




w 


'/a 


14 


+ 0.3 


+0.1 


+0.7 


1.6 


4400 


It 


7 


17 




i« 


H 


HH 


— l.S 








4600 


7 


5 


»& 


—4.8 


12 


u 








—7.4 


4.6 



In Table V. they are arranged in groups exteudiug from 3750 to 
3850, 3850 to 3950, etc. The first column gives the approximate 
mean wave-length of each group, and the next four columns give for 
the Moon the number of measurements inclnded in each group, the sum 
of the positive aud the sum of the negative residuals, and their alge- 
braic mean. The next four columns give the corresponding quantities 
for Jupiter. The last three columns relate to the observations of the 
Moon and Jupiter, without distinction. The first of these columns gives 
the algebrMc mean of all the residuals, and indicates the observed 
deviation from the computed wave-lengths. A curve was drawn to 
represent this deviation, and its ordinates are given in the next column. 
Finally, the residuals were all corrected by means of this curve accord- 
ing to the system indicated in Table VI., and the arithmetical mean of 
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the residuals la given in the last column. The residuals of the H line, 
being alt rendered zero by the method of reduction, are not included 
in the last column, although retained in ihe preceding colnmna. 

The average deviation of all the measures, includiiig the faint, aa 
well aa the more marked lines, is only 1.7, or leas than ^ of the interval 
between the sodinm lines. Less accuracy was attuned in measuring 
the lines near the ends of the spectrum, owing to the faintness of the 
photographic effect. In many cases the last lines were marked as 
" very doubtful." This error was increased for the lines of greater 
wave-length by the &ct that a given distance, as one division of the 
screw, represents a change in wave-length of double the corresponding 
amount at the other end of the spectrum. Without the correction in- 
dicated by this table, the average deviation of the individual results 
would be 2.7. Table VI. gives the correction indicated In each por- 
tion of the Bpectmm derived from Table V. The first column gives 
the Umiting wave-lengtbs within which the corrections in the second 
column should be applied. The sign of the cotrectiona is such that 
they are to be added to the results derived from the formula. 



UM1«. 


ComcClon. 


UM,«. 


ComeUon. 


S700 to 8757 





4398 t« 4431 


+ 8 


3758 " 8952 


-n 


44^ " 4443 


+ 4 


S953 " 4054 





4444 " 4464 


+ 6 


4056 " 4126 




4465 " 4484 


+ 6 


4127 " 42M 


—2 


4485 " 4503 


+ 7 


4265 " 4308 


—I 


4604 " 4621 


+ 8 


4809 " 4343 





4522 " 4539 


+ 9 


4343 '■ 4371 


+1 


45W ■' 4556 


-HO 


4372 " 4807 


+2 







Measurements of these spectra may then be converted into wave- 
lengths by applying to the readings of the curve described above the 
corrections of Table VI. Thus the measurement 2.618 gives by the 
curve S802, but since this falls between 3758 and 3952, we must 
apply the correction -|-1. The wave-length corresponding to 2.618 
will then be 3803. When the same lines are observed in several 
spectra, the correction may be applied to their mean, instead of to the 
separate readings. 

Plates 21, 23, and 24 were taken with the 12-inch refractor, and 
accordingly the spectra are narrow in the violet and wide in the blue 
portions. For Plates 63, 65, 73, and 78 the ll-inch telescope was 
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employed. Ab this inatrnment ia corrected for the photographic rajB, 
the spectra are of nearly uniform widlh, becoming slightly narrower 
at the ends. The other plates measured were obtained with the 
28-inch reflector. As anch an instrument ia free from chromatic aber- 
ration, the spectra are of uniform width. 

The measurements of the various spectra are given in Table VII. 
The first column givea a. number for reference, followed by the meaa- 
urea of the correaponding linea in the columna beaded by the number 
of the plates. The second part of each portion of the table g^ves the 
mean wave-length of each line, fonnd by reducing the corresponding 
measures to wave-lengths by means of the curve and correcting by 
Table VL The last columna give the residuals found by siibtracting 
the meau from the indiyidnal values. So many measures were made 
of a Lpra Uiat the second part of the table is here separated ftom the 
first. In Plate 73 the residuals are omitted, since the scale for this 
plate differs from tliat of the others. In the spectra of a Scorpti on 
Plate 73 the H line is not visible. The original readings are therefore 
given in Table Vn. 

TABLE vn. 



No. 


41 


43 


5e 


. 


41 


42 


56 




1£17 


1470 






8738 


+1 


—1 






1.793 


1.765 






3764 





—1 






2.104 


2.089 






8773 





—1 






2.639 


■3.542 






3798 












B.12B 


8.150 






8885 


-1 


+1 






8.804 


3.BW 




im 




—1 





'+i 




4.640 


4.511 




4.652 


3938 








+1 




5.000 


5.000 




6.000 


39*7 















5.770 






4080 











6.676 


6.578 




6.596 


4102 




-1 


'+i 




8.986 


9.912 




8.937 


4339 


-1 


+1 


+1 


aLvM. 1 


No. 


26 


ao 


E4 


16 


40 


63 


«6 


IS 


12 


1^8 


















IS 


1,520 


libs 




I.5S5 


i^ 








o^'s 


14 


1.787 


1.772 




1.839 


1.735 






2.755 


lall 


15 


2.114 


2.116 




2.156 


2.068 








1,606 


16 


2.654 


3.673 




2.680 


2.604 


i's'sh 




2-563 


2.121 


17 


3.121 


3.128 




3.154 


3.118 


3.162 


3.i38 


8.149 


2,890 


18 


8.926 


3.918 




3.964 


8.SI4 


3.900 


8,911 


8.935 


8.782 


IB 


4.517 






4.580 


.1602 


4.619 


4.500 


4.544 


4.487 


20 


6.000 


5.666 




5.000 


6.000 


5.000 


5.000 


5.000 


6.000 


21 


6.566 


6.662 




6.660 


6.669 


6.686 


6.675 


6.569 


6.832 


22 




8.893 




8.881 


s.m 


8.922 


a918 


8.913 


9.508 


23 


















13.696 
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TABLE YLL — Cimiimed. 



».. 


> 


36 


80 


M 


4G 


M 


«8 


66 


12 


3728 
















18 


3738 






"+i 


"1^ 








14 


3763 






+4 


—2 






'-2 


16 


3773 






+3 


—2 








le 


3790 






+2 


-3 






'+i 


17 


8B35 






+1 


—2 


+1 


'■'6 


+1 


18 


8888 






+2 


-1 


-2 


—1 




19 


8932 






+1 


-3 





—1 




20 


3967 





















21 


4102 






-1 





+1 





—1 


22 


4S37 


—2 




-8 


+1 


+2 


+1 


-H2 


23 


4861 
















a AxjKiOM. 1 


No. 


n 


43 


6T 


* 


a 


48 


67 


24 




8.600 




8865 









25 


iss's 


4.628 


^'i^ 


3982 


"o 





'+i 


26 


6.000 


6.000 


6.000 


8967 











27 




5.494 




4008 









28 




6.832 


6.770 


4032 




+3 


■-2 






6,970 


6.918 


4046 




+2 


-2 


30 






0.281 


4076 




+2 


—2 


Bl 


1588 


oieoo 


6.568 


4102 


"o 


-1-1 


—2 


32 




6.929 


6.978 


4134 




—2 


-1-8 


33 




7.171 


7.100 


4156 







-1 


34 


7.347 


7.382 


7.328 


4174 


-i 


+8 


-3 


35 


7.627 


7.644 


7.649 


4199 


+3 


-M 


—6 


3» 




7.777 


7.737 


4214 




+3 


-2 


37 
38 


Tiio 


7.881 


7.864 
7.985 


4228 
4239 


'+3 





-2 



89 






8.090 


4251 









40 




8'262 


8.174 


4282 




■+i 


-2 


41 




8.867 


8Ji80 


4269 






+1 


42 




8.463 


4287 






+1 


43 






8,567 


4299 









44 


8.638 


8.660 




4807 


"o 


'+2 


-1 


46 






8,766 


4821 









46 


8.976 


8.940 


8,902 


4841 


+4 


"6 


—4 


47 




9.091 


[8,801] 


4358 







[+1] 


48 




9.342 


9.269 






-h5 




49 






9.460 


4401 









50 




9.747 




4488 




""6 




61 


9.948 


8.952 




4462 


"6 







52 




10.187 




4493 









63 


loioo 


10,45« 




4624 


'^ 


-1-4 




64 




10.841 




4662 










The record of No. i7, Plate 57, gives a reading of 8.801 ; bat thb is 
evidently wrong, siace it is leaa than No. 46. It should perhaps hare 
been 9.101, which ^ves a residual -f-^- 
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TABLE Tn. — ContfiuKi/. 
aBooni. 



». 


a 


31 


82 


. 


» 


34 


93 


66 






S.89g 


3819 









56 






3.246 


3842 









67 






3.608 


3859 













SJSS 


8.816 


3878 




—2 


+2 


68 






4.123 


3902 









60 


i'sik 


4.662 


4.66* 




— i 


+1 


+1 


61 


5.000 


6.000 


6.000 


8067 











62 






6.847 


8096 











6.608 




6.480 


4007 


'+i 




—1 


64 


6830 




6.801 


4034 


+1 




—1 


66 


6.976 




6.938 


4046 


+2 




—1 


66 


6.086 




6.113 


4067 


—1 




+2 


67 






6.261 


4072 









68 


6.868 


6.845 


6.824 


4080 


'+i 


" 


—2 


69 


6.888 






4084 









70 


6.630 


e'.wi 


6.540 


4098 


—1 


+2 


"6 


71 






6.787 


4116 









72 






6.917 


4181 









78 


7'68S 


7.098 


7.089 


4146 


■+i 


'+■2 


—8 


74 


7.800 


7.380 


7.336 


4172 




+4 





76 






7.612 


4199 









76 


y.ne 




7.742 


4212 


—2 




+1 


77 


7.880 


7.827 


7.865 


4224 


—1 


—2 


+2 


78 






7.965 


4234 








+1 


76 


8.162 




8.100 


4254 


+1 




—2 


80 


8.-S84 




8.299 


4275 


+4 






81 
82 


8.647 


8.616 


8.613 
8.796 


4306 
4326 


+2 


'— i 


—2 



88 


8.876 




8.890 


4334 


"6 




+1 


84 


8.998 




9.018 


4349 


—2 




+1 


86 


9.274 


9!26S 


9.292 


4383 


—4 


+5 


-2 


80 


9.561 




9.460 


4407 


+6 




-5 


87 


9.927 


9.969 


9.880 
10.160 


4460 

4489 





'■+■6 


—6 



89 


10.«7 


10.382 


10.SB8 


4KiO 


+3 


-2 


—1 


a SOORFIE. 1 


No. 


S> 


4S 


78 


A 


SB 


18 


90 






60.449 


3976 








91 






52.126 


4099 




:: 




f)2 


6.961 


6.876 




4182 




^-4 


'^ 


93 




7.176 




4166 









94 


7.845 


7.226 


62.988 


4169 




+3 


-8 


96 


7.542 


7.652 


63.346 


4202 




-9 


-8 


96 




7.718 


63.486 


4212 






_2 


97 






63.632 


4224 








98 




7.927 


68.720 


4233 






"o 


99 






6a801 


4242 








100 


8"667 


e'oes 


63.942 


4263 




-^ 


"-^ 


101 


8.308 


8.230 


64.122 


4270 




^-1 


—6 


102 




8.390 


64.221 


4280 
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TABLE VH — Conlinaed. 



No. 


!» 


48 


78 


* 


«. 


<s 


103 


8.477 




54.S04 


4201 


_1 




104 


8.6B8 


8.6*3 


64-393 


4296 


+7 


'+i 


106 




a(j5o 


54.548 


4312 




—2 


106 






64.658 


4320 






107 






64.718 


4323 






108 


8.926 


8.826 


64.811 


4886 


■+3 


+3 


IM 






64.864 


4342 






110 






64.9S2 


4349 






111 




9.087 


66.019 


4360 




'^ 


112 






56.078 


4366 






113 






66.150 


4374 






114 






65.216 


4882 






115 


9.691 


9.586 


65.474 


4410 


■+8 


+1 


116 




9.754 


56.718 


4440 




—2 


117 






66.787 


4448 






lis 




io'.m 


56.921 


4464 




"-i-'i 


lis 


lo'.iii 




56.037 


4477 


"+4 




120 






66.188 


4490 






121 






66.827 


4613 






122 




10.5I7 


66.522 


4689 




"■^ 


123 






66.574 


4644 






124 


10.866 




66.751 


4567 


+12 




125 






57.14S 


4617 






126 






67.475 


4658 






127 






57.610 


4670 







The tneasnreB of the different photographs of the first four stars agree 
as well as coald be anticipated. The accidental errors a,re small consider- 
iag the extreme faintness of many of the images. Ko large systematic 
deviations appear, except in the case of a l^rm, Plate 73, to which ref- 
erence has already been made (p. 253). Small systematic errors are, 
however, perceptible in other plates, as in No. 34, where the residoals 
change from positive to negative, and in No. 45, where they change from 
negative to positive. They will not, however, sensibly affect the final 
result, and scarcely justify the application of a separate correction. 

A comparison of the lines in a AquUtB * and a Lyrm is given in 

• A peculiarity of the apectrum of b Aquiire deserves special mention. 
Besides the ioteuBe broad hjdrogeu bands nhicli cliaracteriza the apectrum of 
B LjitB and similar atars, it exhibits a multitude of very flne linea, which eie 
eagilj Been between G and H in several of the platea, bnt are too delicate to be 
aatiafactorily mesanred. Dr. Draper considered these fine lines very important, 
ai showing that this star — Altair — should be considered a sort of intermediate 
link between a Lyns and Slriaa on one aide, and Capella and the Son on the 
other. — C. A. Y. 
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Table VIII. The columns give a aamber for reference, the result for 
a Aguil<B taken from Table VII., that for a Lyns, and that given by 
Dr. Huggins for all stars of this class. 



TABLE vm 



Ho. 


l)T.Il»per. 


Dr.Hoggio.. 




Dr.B«p«. 


DT.HDggIng 


aAqulls, 


oLj™. 


rii-i- 


.Moll" 


»Ijr«. 


Tjpal. 


1 






3699 










2 






3798 


e 


8887 


3888 




3 




8728 


8717 










4 


8738 


3788 


8730 










5 


37M 


8753 


8746 












8773 


3778 


8788 






4102 


4101 






8799 


37B5 


14 


4339 


4337 


4340 



The distinctive feature of these spectra is a series of broad dark 
lines at regular intervals. The lines of greater wave-length appear to 
coincide vrith the hydrogen lines, and the interval between the succes- 
sive lines continues to diminish with the ware-length. Twelve of 
these lines are photographed by Dr. Hujrgins, To these we should 
add the lines F (4861) and C (6562), which are beyond the limits of 
the photograph. The first and second lines are not contained in Dr. 
Draper's photographs, as his plates were not sensitive to rays of such 
short wave-length. Line 10, which appears to coincide with K of the 
solar spectrum, is ae strong as the others in a AquiltB, but in every 
phob^raph of a Lyrce was marked as faint. In one case in Plate 30 
it was overlooked. This photograph was over-exposed in this part of 
the spectrum, but a more careful examioation shows that the line is 
probably present. Line 10 was only noticed in Plate 42. 

The resemblance of the spectrum of a Aurigee to that of the Sun has 
already been noted ; a BooHs appeared to belong to the same class, but 
the identity of the lines was Dot perceived until the measurements had 
been reduced. It then became obvious that this star also has a spec- 
trum closely resembling the Sun. The comparison is made in Table 
IX. The first and second columns are the same as in Table IV., and 
giveannmber for reference and the wave-length of the lines in the solar 
spectrum. The next column gives the namber of plates of the Moon 
and Jupiter, on which each line was measured. It therefore ^ves a 
euffluently good comparison of the relative prominence of each line. 
The next four colomns give for the Moon, for Jupiter, for a Aurigm, 
and for a Bootis, the mean of the measured wave-length minus the 
wave-length given in lie second column. 



:. (H. s 



:i.) 
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Hd. 


Lrngth. 


No. 


m™. 


Jopl(«. 


oAnrlgc 


aBoDtls. 


1 


8736 


1 











2 


8750 


2 


+1 








3 


8759 


2 


+1 










[3774] 


2 


+1 










3786 


1 


+4 










3801 


2 


—1 










8816 


2 


-1 






+3 




3841 


4 


_3 






+1 




3859 


4 





"■i-'s 









3872 


6 


—1 


—2 








3878 


6 


+4 


+3 




■"6 




3888 


5 


+1 


+2 








3905 


6 





+1 




"-^ 




3933 


9 


+1 





'— i 


- 




3943 


1 


—2 










8967 


9 





■■'6 


"6 


'"b 




3988 


1 




—6 








8998 




1^ 


-8 




"-^ 




4006 


6 


4-1 


+1 


+3 


+2 


20 


4032 


7 











+2 


21 


4046 


6 





-n 





+1 


22 


4063 


6 





—1 




—6 


23 


4071 


1 




—1 




-1 


24 


4077 


6 


+i 


+1 


'— i 


+8 


25 


4101 


9 


+1 


+1 


+1 


—8 


26 


4118 


1 


—9 






—2 


27 


4133 


6 





"'o 


'+i 


—2 


28 


4138 


1 











29 


4143 


5 


"6 


—2 




+3 


30 


4156 


6 





+1 


"+i 




81 


4172 


8 


+3 


+1 


+2 


■"6 




4187 


2 













4201 


6 


■"6 


—1 


"—2 


'—2 


34 


4210 






—1 




+2 


85 


4215 


4 


"o 


+2 


'— i 




36 


4223 


7 


+2 


+2 


+2 


'—2 


87 


4286 


7 


+2 


+3 


+8 


—2 


36 


4250 


5 





-2 


+1 


+4 




4260 


5 


+4 




+2 




40 


4271 


7 


-6 




—2 


+4 


41 


4289 


4 


+1 




-2 




42 


4301 


6 


-1 




-2 




43 


4312 


9 


—1 


-3 


-5 


'—6 


44 


4324 


6 






—8 


+1 


45 


4339 


8 






+2 


-6 


46 


4361 


4 


+1 


+1 


+7 


—i 


^T 


48751 


8 











Is 


4388 


7 


+3 




'— i 


"o 


49 


4404 


6 


_1 




—3 


+3 


50 


4414 


3 










51 


4424 


3 




+7 


+14 




62 


4464 


8 


+6 




+ 8 


'+6 


53 


4483 


8 




—5 


+10 


+6 


54 


IS 


6 


*+i 


—9 


—a 


—10 


56 


2 




—1 


+3 
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The only line omitted in this table nhich was noted in the spectra of 
a AurigiB or a Bootii is No. 69 of Table VII. This line nas meas- 
ured in Plate 23 as one edge of a dark band in the negative, No. 70, or 
h, forming the other side. Its wave-length may therefore be taken as 
about 4090. This is the bright band noted on page 242. The same 
phenomenon ia showD in Plate 24, and even better in Plate 82. It 
is also noticeable, thongh in a leas marked manner, in the solar spec- 
trum, aa ia shown in the photographs of Jupiter and of the Moon, 

Not only do the lines of a Auriga and o Bootii appear to coincide 
with those of the Sun in position, but their relative intensity seems to 
be nearly the same. Of the twelve lines seen in at least seven of the 
nine spectra of the Moon and Jupiter, every one is contained in the 
spectra of both a Auriga and a Booiii. Of the fifteen lines which are 
so faint as U> be contained in but one or two of the spentra of the Moon 
or Jupiter, only four are contained in the spectrum of a Sootit, and 
but one in that of a Auriga, The evidence aSorded fay these photo- 
graphs, therefore, points very strongly to the conclusion that the spec- 
tra of these stars, and consequently their constitutioD, are the same as 
that of onr Sun. 

The measurements of a Scorpii are much less saUsfactory than 
those of the other stars. Plate 73 gives a large number of lines, but 
the scale of this plate, as already stated, diSers from that of the 
others. Fortnnately, a Lyra was photograped os the same plate, and 
a curve was accordingly constmcted with the measurements of the 
lines of this star as abedssas, and the wave-lengths taken from the 
measnpes of the other plates as ordinates. By this curve the meas- 
ures of a Scorpii were reduced. Plates 39 and 48 were taken with a 
wide slit, and the lines are indistinct, A satisfactory comparison 
could scarcely be made without preparing enlarged paper positions, 
and marking on them the points measured. This seems scarcely 
advisable, considering the superiority of Plate 73. The large residuals 
render the identification uncerUin in some cases, since any line would 
fall near one of those in Plate 73. The correspondence is much less 
marked than in the other stars. 

A comparison of the measures of the various plates is given in 
Table X The first column gives the number of the plate ; the sec- 
ond, the name of the object photographed ; the third, the number of 
measares made, that is, the number of points of the spectrum noted ; 
and the fourth column gives the quantity subtracted from each of the 
measures to reduce them to the same zero. The measures of the ends 
of the spectra are given in the next two columns, followed by the 
reduced value in wave-lengths. 
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No. or 


Zero. 


«"■-■ 


W.™-L™gtlu. 1 






















Be^nnlug. 


Bodfag. 


B«gilimn». 


Ending. 


21 


a Aurigie 


11 


46.181 


4.5SS 


11.374 


3932 


4650 




Moon 


24 


45.173 


0.961 


11.898 


3708 


4737 


23 


aBootiB 


24 


45.281 


i.BSS 


11.466 


3982 


4U61 


24 


a Bootia 


16 


46.341 


3.76S 


11.334 


3876 


4614 




Moon 


18 


45.184 


3.178 


12.074 


3836 


4749 


26 


oLyne 


12 


61.328 


1.S08 


12.714 


3728 


4843 


80 


-Lyrw 


10 


48.G86 


1.50S 


13.065 


8738 


4896 


82 


a BootiB 


86 


46.032 




12.419 


8819 


4799 


35 


Jupiter 


42 


45.100 


S^4 


12.091 




4751- 


U 


aLyne 


11 


48.798 


1JS5 


12.216 


3789 


4770 




a Scorpii 


12 


41.272 


4.870 


11.368 


8967 


4650 


41 


a AquilEB 


11 


68.013 


1.SI7 


11.179 


8789 


4622 


42 


a Aquilie 


12 


53.313 


1470 


12.204 


8737 


4776 




Jupiter 


6 


53.308 


4^31 






4721 


43 


aAnrigiB 


26 


46.215 


3.600 


11.821 


8865 


4713 




JupiWr 
aLjrm 


20 


40.181 


3.159 


12.295 




4780 


45 


11 


47.672 


14SS 


11.070 


3734 


4735 


46 


aLyttB 


8 


46.517 


2.580 


11.689 


3798 


4694 


48 


a Seorpii 


19 


48.441 


6.601 


11.200 


4113 




56 


a Aquiiae 


7 


46.489 


3.310 


11.646 




1674 




Jupiter 


87 


45.551 


3.230 


12.128 


3841 


4755 


57 


Jupiter 


12 


44.818 


3.476 


11.385 


3857 


4651 




a Auriga 


25 




i.5i5 


12.333 




4780 


88 


aLrr»" 


8 


45.123 


2.657 


11.50lt 


3805 


1681 




Moou 


34 


45.032 


3.1ie 


12.001 


3834 


4750 


65 


aLyne 


g 


45.040 


1.733 


12.001 


3761 


1738 




Moon 


42 


44.991 


1.525 


12.0*5 


3789 


4741 


■ 73 


a Scorpii 


37 


45.313 


6.133 


ia272 


3976 


4820 




a Lyra 


11 


46.316 


0.S63 


13.595 


3728 


4861 


78 




10 


43.M6 


0.080 


24.069 







The readings in the sixth column cannot be reduced to wave-lengdia 
directly, since they foil outside of the limila of Table VI. The curve 
on which this table was baaed was accordingly prolonged, and a curve 
drawn giving for large readings the corresponding wave-lengths. In 
the columns of Table XI. these values are given for intervals of half a 
tnm of the micrometer screw. 

TABLE XL 



»„™. 


WBTe-Length. 


»...,t™. 


W»«.L™gth. 


10.0 

10.5 
11.0 
11.5 


4468 
4632 
4597 
4666 


12.0 
12.5 
13.0 


4737 
4811 
4886 



The readings in the fourth column of Table X. serve to test the 
flexnre of the spectroscope by showing whether the zero was the same 
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in the Tariona spectra on the same plate. A poridon of the difference 
ratiy be due to the impossibility of setting the lines exactly at right 
angles to the micrometer screw, and in some cases, as in Plate 56, to 
a possible movement of the plate between the measnres of the two 
spectra. This cannot account for all the difference, however, since in 
several cases it is obvious to the eye. The difTerence in wave-lenglh 
would vary in different parts of the spectrum, bat an idea of it« mag- 
nitade may be inferred by the rule that one turn of the screw near the 
H line corresponds to a change of 80 in the wave-length. The two 
spectra are thus displaced by several units, an amount which the 
residuals show ia quite beyond the accidental errors of meaenrement. 
The adoption of a new zero for each Bpectrum thns appears to have 
been entirely jostified. 

From the last two columns of Table X. we see that the plates are 
sensitive to rays of light of wave-lengths 3750 to 4800, that is, from 
M nearly to F. When the light is intense, the spectra estend beyond 
these limits. F is photographed in Plate 73, and in Plate 21 a line 
marked " very doubtful " was observed at 3708. It was not included 
in Tables III. and IT., as it probably only indicates tlie banning of 
the spectmm. 

To secure entire independence in the results, the measnres were 
completed before the reductions were begun. The lines in each plate 
were measured without comparison with any map, and no search was 
made for lines which appeared to be wantdng. When two similar 
spectra were photographed side by ude,as in Plate 21, care was taken 
to cover one when measuring the other. Under these drcumstances, 
the agreement in the measures of several plates is strong evidence of 
the identity of the spectra. 
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On Photographing the Spectra of the Stars and Planets. 
By Hbnet Dbapeb, M.D. 

[Bud betbie tbe HaUoul Afaiaas of 8dai«a, Oct. 2S, 18T9.] 

For many years it bas seemed probable that great iDt«reet woald 
be attached to photographs of the spectra of the heavenly bodies, be- 
cause they offer to ns couditious of temperatare aod pressure that 
cannot be attained by any means known at present, on the earth. 
The especial point of interest is connected with considerations regard- 
ing the probable non-elementary nature of the so-called elementary 
bodies. There has long been a suspicion in the minds of scientific 
men that one or more truly clementMy bodies would be fotind from 
which those substances which have not as yet been decomposed are 
formed. The recent publications of Lockyer have attracted par- 
ticular attention to this topic. 

The most promising laboratory processes for accomplishing the disso- 
dation of our present elements depend upon the action of heat, espe- 
cially when accompanied by electrical influences, and upon relief of 
pressure. But the temperature we can employ is far below that found 
in the stars, which is comparable only with the heat of our Sun, and 
when in addition the application of heat is restricted by the narrow 
range of circtmistances under which we can also reduce the pressure, 
complete success seems to be impracticable in the laboratory. 

But in the stars, nebulat, and comets there is a multitude of experi- 
ments all ready performed for us with a variety of conditions of just 
the kind we need. It remains for us to observe and interpret these 
results, and tiib is the direction I have sought to pursue. 

There is but one mode of investigation that can add materially to 
the knowledge Astronomy has given us of the heavenly bodies ; that 
is the spectroscopic. This in its turn is capable of a subdivision into 
two methods, one by the eye, the other by photography. Each of 
these has its special advantages and each its defects. The eye sees 
most easily the middle regions of the spectrum, and can appreciate ex- 
ceedingly fiiint spectral by the aid of micrometers it can map with 
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precision the position of the Frannhofer lines, aod by estimation it can 
with tolerable accuracy approximate to the relative strength, breadth, 
and character of these lines. The character of the spectram lines is 
however of great value fbr the purposes we are now speaking of, and 
the greatest precision is needed. Photography, on the other hand, aa 
applied to &int spectra, deals mainly with the more refrangible region, 
and cannot at present be employed in stellar work below the line F. 
Fortunately there is no break in the spectrum between the place 
where the eye leaves off and photography be^oa, and hence the two 
methods lend one another mntual assistance. The photograph, when 
suitably accommodated with a standard refereuce spectrum from some 
known source, gives valuable indications as to the positions and all 
the peculiarities of the lines. 

But the application of photography to the taking of stellar spectra 
is surrounded by obstacles. These are partly due to the small quan- 
tity of light to be dealt with, and partly to the fact that it is neces- 
sary to overcome the motion of the earth, and other causes, such as 
atmospheric refraction, which seem to make a star change its place 
continually. The exposures of the sensitive plate require to be some- 
times for two hours, even with a large l^escope, and if during that 
time the image of the star at the focus of the telescope has changed 
place ^Tj of an inch, the light no longer &lls on llie sltt of the spec- 
troscope. The changes of the earth's atmosphere in regard to photo- 
graphic transparency as well as by tog also offer impediments, and 
promote the chances of failure. There is often a yellow condition 
of the air, which may increase the length of exposure required forty 
times or more. 

It will, from what has been said above, be readily perceived that a 
research such as this consumes a great deal of time ; in fact, these ex- 
periments and the preparations for them have eilended over more than 
twelve years. A large telescope is required, and for many reasons 
the reflector at first seems most suitable. Recently, however, I have 
found that the re&actor has also some special advantages. 

In 1866 I had already constructed a silver glass reflector of 15J 
inches aperture, which was commenced in 1858, and had taken with 
it many hundreds of photographs of the Moon. But as the mounting 
had been contrived for lunar photography and to avoid the Moon's 
motion in declination, the instrument was not suitable for the spectro- 
scopic work contemplated. A reflector of twenty-eight inches aper- 
ture was therefore commenced in 1866, and in 1871 it was ready 



Digilizcd by Google 



Od May 29th, 1872, my first photograph of the spectrum of a star 
was taken, the spectrum of Vega being photographed by the aid of a 
quartz prism. At this time I did not happen to know that Dr. Hug- 
ging, who ia BO distinguished tor his thorough and accurate reaearchea 
on the visible portion of the spectra of the heavenly bodies, had already 
made some attempts in (his direction, aa is shown by the following 
paragraph from the Transactions of the Royal Society for 1864: 
" On the 27th of February, 1863, and on the 3d of March of the same 
year, when the spectrum of Sirius was caused to fall upon a sensitive 
collodion surface, an intense spectrum of the more refrangible part was 
obtained. From want of accurate adjustment of the Jocus, or from 
the motion of the star not being exactly compensated by the clock 
movement, or from atmospheric tremors, the spectrum, though tolera- 
bly defined at the edges, presented no indications of lines. Ohr other 
investigations have hitherto prevented us from continuing these experi- 
ments farther ; bnt we have not abandoned our intention of pursuing 

During August, 1872, 1 took several photographs of the spectrum 
of Vega, and these showed four strong lines at the more refrangible 
end of the spectrum, the least refrangible being near G. On pursu- 
ing the subject, and seeking to ascertain what substances gave rise to 
these lines, it became obvious that a photographic study of this part of 
the spectrum for the metals and non-metals was necessary to inter- 
pret the results. This of course opened out a lai^ field for experi- 
ment, requiring many years for its study, and hence, as several 
physicists were engaging in the study of the spectra of the metals, I 
concluded to discontinue the experiments commenced in 1870 on the 
spectra of the metals, and to confine the investigation mainly to the 
non-metals. The initial step was, however, to obtain a fine photograph 
of the normal solar spectrum, so that the wave-lengths of the lines up 
to [wave-length 3440] might be determined with precision. 

In the spring of 1873 I published a paper on the diffraction spec- 
trmn of the Sun, illustrated by a photograph embracing the region 
from wave-length 4350 near G to 3440 near 0, and in the fall of the 
same year took photographs of the spectra of several non-metals, 
notably nitrogen, carbon, and oxygen. The experiments were inter- 
rupted, in the spring of 1874, by going to Washington to superintend 
the photographic preparations for the United States observations on 
the Transit of Venus. 

Since that time my experiments have been divided into two parts, 
an astronomical portion occupying principally &e sunimer season, and 



DigilizcdbyGopgle 



a laboratory portion daring the rest of the year. The former coa- 
gisted of photographs and observations on the spectra of the atars, 
planets, and Son; the latter, of photographic work on the spectra of 
the elements, and particularly the non^netals, and has led to the dis- 
covery of oxygen in the Son. 

In 1876, Dr. Hoggins published a nat« in the Proceedings of the 
Royal Society, accompanied by a wood-cat of the spectrum of V^a, 
with a comparjsoii solar spectrum. Seven lines were obeerved in the 
spectrum of Vega. . In the summer and autumn of 1876 I made 
several photographs of the spectra of Vega, a Aquilffi, and Venus, and 
sent a note concerning them to this Journal. 

Since that time Dr. Huggins has pursued the subject actively, in 
spite of the London atmosphere, and has attained very fine reanlta, 
which I had the pleasure of se^ng at his observatory last spring. 
These ho ia preparing to publish shortly. In my observatory photo- 
graphs have been taken of the spectrum of Vega, Arctnras, Gapella, 
a Aquilffi, Jupiter, Mars, Venus, the Moon, etc Recently the plan has 
been to have a comparison solar spectrum on every plate, derived 
either from the dtfiiiaed light of our atmosphere, or from the Moon, or 
from Jupiter. In this way no difficulty in determining the wave-lengths 
of the lines is encountered, and the changes produced by our atmos- 
phere are eliminated. The telescope and spectroscope are now in good 
working order, bat to secure the requisite degree of precision of move- 
ment it has been necessary to make seven different driving-clocks 
before a satisfactory one was attained. 

It baa been remarked that, on account of the foiutness of the light 
of stellar spectra, prolonged exposures of the sensitive plate are re- 
quired. In former times, when the dry processes of photography 
were much lees sensitive than the beat wet plates, the exposure was 
limited by the length of time the plal« could be left in the camera 
without being stained by drying. But now, since the gelatino-bromide 
process has been introduced, this obstacle has been removed, and a 
sensitive plate is sometimes exposed two hours to the spectrum of a 
star, and then almost an hour to Jnpit«r for the comparisou spectrum. 
The best, and most sensitive, gelatine plates I have used are those 
made by Wratten & Wainwright of London. Dr. Huggins was good 
enough to call my attention to them. 

It is not worth while to describe the various forms of spectroscope 
that have been employed in the last ten years: quartz Iceland spar, 
hollow prisms, and flint glass have been the materials, and they have 
been sometimes direct vision and sometimes on the usual angolar 
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plsn. GratiugB on glass and spectilum metal ^vea to me by Mr. Ru- 
therford have been tried. The length of epectroscope has been 
somelimeH twenty-eight feet and sometimes not as many inches. 

The especial spectroscope for stellar work that u now on the tele- 
scope is intended to satisfy the followiag conditions : 1st, to get the 
greatest practicable dispersion with the least width of spectrum that 
will permit the lines to be seen ; 2d, to tise the entire beam of light 
collected by the 28-inch reflector or 12-inch achromatic withont loss 
by diaphragms ; 3d, to permit the slit to be easily seen, so that the 
star may be adjusted ou it ; 4th, to avoid flexure or other causes that 
might change the position of the spectmrn on the seDsitive plate in 
pointing the telescope first on one and then on another object ; 5th, to 
admit of observing the spectrum on the sensitive plate at any time 
during an exposure without risk of shifting or disarrangement. The 
dispersiou is produced by two heavy Hint prisms, which are devoid of 
yellow color ; the telescopes are about hx inches in focal length, and 
the slit has a movable plate in front of it, enabling the operator to un- 
cover either the upper or the lower portion at will. 

During the past summer this spectroscope has been used with the 
Clark refractor of 12 inches aperture, partly because the 28-inch re- 
flector has been kept unsilvered since it was used in taking photo- 
graphs of the Transit of Mercury, on account of its employment in 
certain experiments on the Sun. Moreover, there is an advantage 
possessed by the refractor for this work which does not appear at first 
sight. Naturally one supposes that a reflector which brings all the 
rays from the star, no matter what their refrangibility, to a focus in 
one plane, would be best, because when the slit is put in that plane it 
is equally illuminated by rays of all refraugibililies, and the spectrum 
will be parallel-sided iu its whole length. On the other hand, a re- 
fractor is not achromatic, for the violet end of the spectrum comes to 
a focus either inside or outside of the plane of the rays in the mid- 
die of the spectrum, and in observing the spectrum it is not parallel- 
sided. This peculiarity was used by Mr. Rutherfurd to enable him to 
correct a telescope lens for the ultra violet rays. It is easy, there- 
fore, with a refractor so to adjust the position of the slit that you 
may have a spectrum tolerably wide at F and Gr, and which grad- 
ually diminishes in width toward H, and finally becomes almost 
linear at M. Now, as the eSeot of atmospheric absorption on the 
spectrum increases as yon pass from G toward H and above H, by 
diminishing the width of the spectrum you can in some measure neu- 
tralize the eSect, and at one exposure obtain a photograph of nearly 
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uniform intensity from end to end, tbongh it is of variable width. If 
it were not for this, it would be necessary to liave the spectrum over- 
exposed at G in order to be visible above H, or else to resort to aa 
elaborate diaphragming, which is difficult. 

It is my intention next season to return to the use of the 28-inch 
reflector, because it collects nearly five times as much light as the 
12-iiich does, after making allowance for the secondary mirror. Of 
coarse, in a large reflector the difficulties of flexure and mstability of 
the optical axis are much increased, and keeping a star on the slit will 
be troublesome, especially as the magnifying power on the image is 
about 60. 

As to the results obtained, it has already been mentioned that the 
spectra of several stars and planets have been photographed. The 
subject of planetary spectra will be reserved for a future communica- 
tion. A preliminary examination at once shows that these stellar 
spectra are divisible into two groups : first, those closely resembling 
the solar spectmrn ; and second, those in which there are relatively but 
few lines, and these of great breadth and intensity. The photographs 
of the spectra of Arctums and Capella are so similar to the solar spec- 
trum, that I have not up to the present detected any material differ- 
ences. But, on the other hand, the spectra of Vega and a Aquilte are 
totally different, and it is not easy without prolonged study and the 
assistance of laboratory experiments to interpret the results, and even 
then it will be necessary to speak with diffidence. I have not as yet 
obtained any stellar spectrum photographs belonging to the third and 
fourth groups of stellar spectra as described by SecchL These, if 
obtainable, wlU aid materially in discossing the whole subject ; but 
unless a star passes near the zenith it is hard to make a fair study 
of its spectrum by phott^raphy, because atmospheric absorption in the 
ultra violet region increases rapidly as the altitude decreases. In 
the case of the Sun, I have found that at sunset the exposure neces- 
sary to photograph the spectrum above H is often 200 times as long 
as at midday. 

In the case of the spectrum of Vega when examined by the eye, the 
lines C F, near G andA» are readily visible, but lines such as D and 
h are relatively Mut. It is clear, then, that hydrogen exists to a large 
extent in the atmosphere of that star. But on examining the photo- 
graph of its spectrum it is evident that other lines just as conspicuous 
as the hydrogen lines are present One of these corresponds in posi- 
tion and character to H,, and seems to coincide with a calcium lioe. 
It appears to me, however, that the evidence of this coinddence is not 
complete. 
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Id attempting to reason from tbeee photographs, as the matter now 
stands, it is necessary to try at every step further experiments in order 
to find out whether the facts agree with hypothesis, and it is this very 
condition of affaira that gires hopes of results valuable in their bear- 
ing on terrestrial chembtry and physics. In the photographs of the 
spectrum of Vega there are eleven lines, only two of which are cer- 
tainly accounted for ; two more may be caldum ; the remaining seven, 
though bearing a most suspicious resemblance to the hydrogen lines 
in their general characters, are as yet not identified. It would be 
worth while to subject hydrogen to a more intense incandescence than 
any yet attained, to see whether in photographs of its spectrum under 
those circumstances any trace of these lines, which extend to wave- 
length 3700, could be found. 

It is to be hoped that before long we may be able to investigate 
photographically the spectra of the gaseous nebula, for in them the 
most elementary conditioD of matter and the simplest spectra are 
doubtless found. 



Digilizcd by Google 



DiBiiizcdb, Google 



[PftOM TBS Ambsicah Joubhal OF SCIENCE, Voi- XXIII., Uat, 1833.] 



Art. XXXV.— On Pkotogre^ht of Ike Speetrum of the Nebula 
in Orion. By Hknrt Dkapeh, M. D. 

[OBtd before ths NbUohaI luaOaaj of Sdeacca, April, 1882, lA WuhlngUuL] 

For about eighteen months I have been giving attention to the 
Nebula in Orion with two objecta in view: first, to ascertain whether 
any changes are taking place in that body, by makiug a series or photo- 
graphs to he compared in the future with a similar series ; and second, 
to photograph the spectrum of the nebula in various parts, so as to see 
whether any new lines could be found, and abo whether the composi- 
tion is uniform throughout. 

As to the first of these objects, I have recently succeeded in taking 
a very fine and extensive photograph of the nebula containing most 
of the delicate outlying parts which were not in my earlier photo- 
graphs. This is in the bands of the photolithographer now, and will 
shortly be published. The experiments have been very difficult, be- 
cause an exposure of more than two hours in the telescope has been 
necessary, and an exceedingly minnte motion of the stars relative to 
the sensitive plate will become apparent on account of the high magni- 
fying power (180), employed. 

In carrying out the second object two contrivances have been used :' 
first, a direct vision prism in the cone of rays from the objective before 
they had reached a focus ; and second, the two-prism spectroscope with 
which I have taken photographs of stellar spectrafor some years past. 

During the month of March I have made two good photographs 
with each of these arrangements. Those with the direct vision prism, 
. without a slit, have of course demanded that the image should be kept 
stationary on the sensitive plate throughout the exposure, viz. two 
hours, and they are as difficult to get as good photographs of the 
nebula itself. On the contrary, those obtained with the slit spectro- 
scope do not require the same steadfast attention. 

The results derived from these photographs are interesting, partly 
from what they show and partly from what they promise in the future. 
A number of photographs, tmder various conditions, will be needed 
for the full elucidation of the subjecL 
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The most etriking feature is perhapB the discovery of two condensed 
porlionB of the nebula juet precediag the trapezium, which give a cod- 
tinuoas spectrum. At those places there is either gas uuder great 
pressure, or liquid, or solid. I have not been able to detect anj stars 
of sufficient magnitude in these portions to produce thu effect, either 
in my photographs of the nebnla or in any of the well-lcnovrn draw- 
ings of this object. It seems to me, also, that the photographs show 
evidence of continuous spectrum in other parts of the nebula. In 
these respects the conclusions arrived at by Lord Bosse iu his memoir 
(PhU Trans. Royal Society, June 20, 1867, pi^e 70) are to a cer- 
tain extent borne out. 

The hydrogen line near G, wave-length 4840, is strong and sharply 
defined; that at h, wave-length 4101, is more delicate, and there are 
faint traces of other lines in the violet Among these lines there is 
one point of difference, especially well shown in a photograph where the 
slit was' placed in a north and south direction across the trapezium ; 
the Hy line, A. 4340, is of the same length as the slit, and where it 
intersects the spectrum of the trapezium stars a duplication of effect 
is viaible. If this is not due to flickering motion in the atmosphere, 
it would indicate that hydrogen gas was present even between the eye 
and the trapezium. I think the Mime is true of the US line, \ 4101. 
But in the case of two other faint lines in this vicinity I think the 
lines are not of the length of the slit, one being quite short and the 
otJier discontinuous. If this observation should be confirmed by future 
photographs of greater strength, it might point to a non-homogeneous 
cooetitution of the nebula, though differences of intrinsic brigbtuesa 
would require to be eliminated. 

The April number of the American Journal of Science contains an 
account of a photograph of the spectrum of this nebnla taken by Dr. 
Huggins. I have not found the line at X 3730, of which he speaks, 
though I have other lines which he does not appear to have photo- 
graphed. This may be due to the fact that he had placed his slit on 
a different re^on of the nebula, or to his employment of a reflector and 
Iceland spar prism, or to the use of a different sensitive preparation. 
Nevertheless, my reference spectrum extends beyond the region in 

Aa illustrating the delicacy of working required in this research it 
may be mentioned that in one of these phott^raphs the spectrum of a 
star of the tenth magnitude is easily discerned. It is only a short time 
since it was considered a feat to get the image of a ninth magnitude 
star, and now the light of a star- of one magnitude less may be photo- 
graphed even when dispersed into a spectrum. 
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Note on Photographs of the Spectrum of Comet b 1881. 
Br Hembx Dbafkb, M.D. 

The appearance of a large comet has afforded an opportunity ot 
adding to ouf knowledge of these bodies by applying to it a new 
means of research. Owing to the recent progress in photography, 
it was to he hoped that photc^aphs of the comet and even of its 
spectrum might be obtained, and pecoliarities invisible to tlie eye 
detected. For such experiments my observatory was prepared, 
because, for many years, its resources have been directed to the more 
delicate branches of celestial photography and spectroscopy, such as 
photography of stellar spectra aud of the nebulee. More than a hun- 
dred photographs of spectra of stare have been taken, and in the Nebnia 
of Orion details equal in faintness to stars of the 14.7 magnitude have 
been photographed. 

It was obvious that, if the comet could be photographed by less 
than an hour's exposure, there would be a chance of obtaining a 
photograph of the spectrum of the coma, especially as it was probable 
that its nltra-violet region consisted of but few lines. In examining 
my photographs of the spectrum of the voltaic arc, a strong band or 
group of lines was found above H ; and on the hypothesis that the 
incandescent vapor of a carbon compound exists in comets, this band 
might be photographed in their spectrum. 

Accordingly, at the first attempt a photograph of the nucleus and 
part of the envelopes was obtained in 17 minutes, on the night of 
June 24th, through breaks in the clouds. On succeeding occasions 
when an exposure of 163 minutes was given the tail impressed itself 
to an extent of nearly 10 degrees in length. 

I next tried, by interposing a direct-vision prism between the sen- 
sitive plate and the object-glass, to secure a photograph which would 
show the continuous spectrum of the nucleus and the banded spectrum 
of the coma. After an exposure of S3 minutes, a strong picture of the 
spectrum of the nucleus, coma, aud part of the tail was obttuned, but 
the banded spectrum was overpowered by the continuous spectrum. 

I then applied the two-prism spectroscope used for stellar spectrum 
photography, antidpating that, although the diminution of light would 
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be serious after passing through the slit, two prisms, aod two object- 
glasses, yet the advantage of being able to have a juxtaposed compari- 
son spectrum would make the attempt desirable, and moreover, the 
continuous spectrum being mora weakened than tbe bauded by the 
increased dispersion, the latter would become more distinct 

Three photographs of tbe comet's spectrom have been taken with 
this arrangement, with exposures of 180 uunutea, 196 minutes, and 
228 minutes, and with a comparison spectrum on each. The contin- 
uous spectrom of the nucleus was plainly seen while the photography 
was in progress. It will take some time to reduce and discuss these 
photographs and prepare the auxiliary photographs •which will be 
necessary for their interprelaljon. For the present, it suffices to say 
that the most striking feature is a heavy band above H which is divisi- 
ble into lines, and in addition two faint bands, one between G and A 
and another between h and H. I was very careful to stop the expos- 
ure before dawn, fearing that the spectrum of daylight might become 
superposed on the cometary spectrum. ' 

It would seem that these photographs strengthen the hypothesis 
of the presence of carbon in comets ; but a series of comparisons will 
be necessary, and it is not improbable that a part of the spectrum may 
be due to other elements. 

271 AUniBON AvBKDc, New Yook. 
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